We report on the linear polarimetric observations in the Johnson I-band filter of 44 ultracool dwarfs with spectral types between M6 and L7.5, corresponding to effective temperatures in the range 2800-1400 K, and one M4.5-type star. Based on our measurements of polarization (P ) and their associated error bars (σ P ), eleven (10 L and 1 M) dwarfs appear to have significant linear polarization (P/σ P ≥ 3). For these, the polarization degrees we have measured are in the interval P = 0.2-2.5%. Because of the typical average uncertainty of our data, we can easily confirm polarization of ultracool dwarfs that show degree of linear polarization greater than 0.4%. We have compared the two populations in our sample, the M-and L-type dwarfs, and have found evidence for a larger frequency of high I-band polarization in the coolest objects, supporting the presence of significant amounts of dust in L-type atmospheres. The probable mechanism polarizing the far-red optical photons of ultracool dwarfs is related to the presence of heterogeneous dust clouds nonuniformly distributed across the visible photospheres and the asymmetric shape of the objects (rapid rotations impose deviations from sphericity). In some young ultracool dwarfs, surrounding dusty disks (or shells) may also yield polarization. For polarimetric detections, a trend for slightly larger polarization from L0 to L6.5 may be present in our data, suggesting changes in the distribution of the grain properties and in the vertical height of the cloud layer. Faster rotations and important -2 -differences in metallicity and age within our sample could also account for this trend. One of the targets is the peculiar brown dwarf 2MASS J22443167+2043433 (L6.5), for which we have determined the largest I-band polarization degree in our study. We discuss that the origin of such large polarization may lie in a surrounding dusty disk (or shell) and/or rather large photospheric dust grains. Two of the likely polarized dwarfs (CFHT-BD-Tau 4, a very young, M7-type brown dwarf of the Taurus star-forming region, and 2MASS J00361617+1821104, an L3.5 field dwarf) were also observed in the Johnson R-band filter, allowing us to discuss qualitatively the size of the grains responsible for the polarization. Our data support the presence of a circum(sub)stellar disk around the young accreting brown dwarf CFHT-BD-Tau 4. The higher degree of polarization in the R-band as compared to the I-band indicates that the grain growth lies in the submicron regime in the visible photosphere of 2MASS J00361617+1821104 (effective temperature of about 1900 K). Our polarimetric data do not obviously correlate with activity (Hα and radio emission) or projected rotational velocity. Three polarized early-to mid-L dwarfs have been photometrically monitored in the I-band, displaying light curves with amplitudes below 10 mmag.
Introduction
Very low-mass dwarf stars and brown dwarfs are characterized by effective temperatures (T eff ) below ∼2800 K, corresponding to spectral types later than M6-M7. These objects are often called "ultracool" dwarfs in the literature (e.g. Liebert et al. (1999) ; Gizis et al. (2000) ). During the last decade, a large population of ultracool dwarfs covering an interval of T eff between 2800 and 800 K have been discovered by different groups of observers (see the reviews by Basri (2000) and Chabrier & Baraffe (2000) ). They have been assigned spectral types late-M, L and T. A detailed description of the features used for spectral classification is provided by the following works: Martín et al. (1999a) ; Kirkpatrick et al. (1999) ; Geballe et al. (2002) ; and Burgasser et al. (2002a) . Refractory elements, like Ti, Fe, Ca and V, are strongly depleted from the gas in the atmospheres of ultracool dwarfs, forming clouds of dust grains (Tsuji et al. (1996) ). Observations of the coolest dwarfs of spectral class T in combination with theory suggest that, below ∼1300 K, grains predominantly lie in a thin deck at the very deep photosphere, i.e. beyond the visible region of the atmosphere, because of complete gravitational settling ; Marley et al. (2002) ). However, for the L type, there is inefficient sedimentation, and dust clouds play an important role in controlling opacity and the temperature structure of the atmosphere. The physical properties (e.g. shape, size), the number density and the precise species of the dust particulates remain highly unknown. Also unknown are the geometrical height and the location of the cloud layer within the atmospheres.
Recently, Sengupta & Krishan (2001) argued that detectable polarization could arise because of dust scattering in the nonspherical atmosphere of L dwarfs. The size of the grains in the upper photosphere is expected to be in the submicron range; hence, polarization should occur at optical wavelengths. Nonzero polarization can also occur in the infrared if the particle size is large. The pioneering work by Ménard et al. (2002) confirmed the presence of red optical polarization in L dwarfs. Their work also suggested that a large fraction (about 50%) of ultracool dwarfs shows significant polarized I-band radiation (I Bessel filter centred on 768 nm). These authors measured degrees of linear polarization of the order of 0.1-0.2% in three L-type field dwarfs, and attributed such polarization to the probable presence of dust clouds in the atmosphere of their targets. Sengupta (2003) tried to constrain the size of the grains by fitting models to the I-band observations of Ménard et al. (2002) .
Under the hypothesis that the linear polarization observed by Ménard et al. (2002) is due to dust scattering, there are several factors that make net disk-integrated polarization more likely. First, nonspherical grains in the atmospheres. Second, the lack of symmetry in the shape of the objects, which leads to incomplete cancellation of the polarization of the radiation. The very fast rotation observed in the great majority of the known ultracool dwarfs (e.g. Basri (2000) ) gives them the shape of an oblate ellipsoid. Third, and of especial interest, dust clouds may evolve rapidly because of intense vertical motions, which are due to convective heat transport from the interior (Sánchez-Lavega (2001)). Evidence for time evolution of the emergent flux of ultracool dwarfs in intervals of one to several rotation periods is provided by the photometric monitoring carried out by various groups (e.g. Bailer-Jones & Mundt (2001) ; Martín et al. (2001a) ; Gelino et al. (2002) ; Zapatero Osorio et al. (2003) ; see also the discussion by Bailer-Jones & Lamm (2003) ). The rapidly evolving heterogeneous distribution of dust clouds may contribute to variations in the degree of polarization. In this respect, measurements of linear polarization can help identify the scattering mechanism, it can pinpoint an obscure source, and it can give information on the physical properties of the grains or the scattering medium. Depending on the geometry, polarimetric monitoring can also shed new light on the "weather" of ultracool dwarfs.
In this paper, we report on the linear polarimetric measurements in the R-and I-bands of 44 ultracool dwarfs with spectral types in the range M6-L7.5, and one M4.5V dwarf. We detect significant polarized optical radiation in several of them, and discuss measured and zero linear polarization as a function of the known spectroscopic and photometric properties of the target sample.
Target selection
The total of 45 program objects are provided in Table 1 ordered by increasing right ascension. The great majority of them were selected from the DENIS and 2MASS near-infrared sky surveys and the optical Sloan survey ("discovery" papers are the following: Delfosse et al. (1997) ; Kirkpatrick et al. (1999) , (2000); Reid et al. (2000) ; Gizis et al. (2000) ; Gizis (2002) ; Liebert et al. (2003) ; McLean et al. (2003) ; Dahn et al. (2002) ; Hawley et al. (2002) ; Wilson et al. (2003) ; Cruz et al. (2003) ; Kendall et al. (2004) ). Many (33) have spectral types in the range L0-L7.5V (as measured from optical and near-infrared spectra), with estimated effective temperatures from ∼2500 K down to ∼1400 K (Vrba et al. (2004) ). Additional program objects with L classes are Kelu 1 (L2.5V, Ruiz, Leggett, & Allard (1997) ), and the recently discovered lowmetallicity L-type dwarf LSR J1610−0040 (Lépine et al. (2003) ). This makes a total of 35 L dwarfs in our study. For comparison purposes, we also observed ten mid-M to late-M dwarfs, including BRI 0021-0214 (M9.5V, Irwin, McMahon, & Reid (1991) ) and the M7-type young brown dwarf CFHT-BD-Tau 4 (Martín et al. (2001b) ). From now on, we will use "common" abridged names to refer to the various objects.
All the late-M and L-type targets were selected to be amongst the brightest sources for their classes, and have masses very likely in the interval 0.03-0.15 M ⊙ , i.e. very low-mass stars and brown dwarfs. They are located at very nearby distances. The astrometric parallaxes of nine dwarfs in our sample (BRI 0021, J0036+18, Kelu 1, J1439+19, J1507−16, J1658+70, LHS 3406, GJ 4281, and J2224−01) place them between 7 and 19 pc (Dahn et al. (2002) ). On the assumption that the rest of the program dwarfs have similar ages and after comparison of their apparent magnitudes with the mean absolute magnitudes for each spectral type, we deduce that all the targets very likely lie within 35 pc from the Sun, except for CFHT-BD-Tau 4. This M7-type dwarf is a very young brown dwarf member of the Taurus star-forming region (Martín et al. (2001b) ), and is presumably located at a distance of 140 pc. Lépine et al. (2003) reported an upper limit of 30 pc on the distance to the metal-depleted dwarf J1610−00, being the most likely value around 16 pc. The stellar polarizations (mostly interstellar in origin) recently found by Weitenbeck (2004) correspond to field stars that are beyond 200 pc. Moreover, the optical study of Tamburini et al. (2002) , based on more than 1000 stars, indicates that the contribution to the polarization by the interstellar medium becomes effective only after ∼70 pc. Except for CFHT-BD-Tau 4, none of our program dwarfs lies at such long distances. Because of their marked proximity, we do not expect significant polarization induced by the interstellar medium, and we will not attempt to remove the interstellar contribution from our polarimetric measurements.
Observations
Polarimetric data were collected with the Calar Alto Faint Object Spectrograph (CAFOS) instrument attached to the 2.2-m telescope at the Calar Alto Observatory (Spain). In its imaging polarimetric mode, CAFOS, which is mounted at the Cassegrain focus, is equipped with a Wollaston prism with an effective beam separation of 18.5 arcsec, plus a rotable half-wave retarder plate and a stripe mask. This combination provides the capability to measure linear polarization by means of dual beam imaging polarimetry. CAFOS is also equipped with a SITe 2048×2048 pixels CCD detector (image scale of 0.53 arcsec/pixel), which was windowed to the central 1024×1024 pixels providing a field of view of 9×9 arcmin Images were obtained in the Johnson R-and I-band filters centred on 641 and 850 nm, respectively. The passband of these filters is 158 (R) and 150 nm (I). All program objects were observed in the I-band because they are relatively brighter at these wavelengths than at shorter wavelengths, and only two of the targets were observed in the R-band (CFHT-BD-Tau 4 and J0036+18). Raw data were bias subtracted and flat-fielded using twilight flat frames, which were taken through each of the broad-band filters and without the polarizing optics. The complete set of calibration images, i.e. bias and twilight flat frames, were collected every night. We did not detect any systematic variation of these images from night to night. Both program sources and standard stars were observed at the same spot within the detector (around pixel 512, 512 of the windowed frames), which is very close to the optical axis of the telescope/instrument system. For linear polarimetry, we collected images at four different angles of the half-wave retarder plate: 0, 45, 22.5 and 67.5 deg. We provide in Table 1 the UT date of the observations, the exposure time and number of images obtained per position of the retarder plate, and the full-width-half-maximum (FWHM) and air mass at the time of the observations. The FWHM as measured on the reduced images ranged from 1.0 to 2.9 arcsec.
For the calibration of the polarimetric measurements we observed four high-polarization standard stars, namely Hiltner 960, BD+64 106 (Schmidt, Elston, & Lupie (1992) ), Cyg OB2 7 and Cyg OB2 17 (Whittet et al. (1992) ), on 30 different occasions. These stars show linear polarization degrees between 3.0% and 5.2% in the R-and I-bands. The two Cyg OB2 standards were observed only in I in the 2004 May campaing, while Hiltner 960 and BD+64 106 were observed in the two filters on many occasions during the three campaings. This has allowed us to check for the efficiency and stability of the instrument from night to night and from run to run. Our linear polarization measurements of the reference stars have typical standard deviations of σ P = 0.03-0.10% (depending on the brightness of the source), and appear to be systematically smaller than the catalog values by a factor of 1.071 ± 0.004 (I-band). This indicates that an efficiency correction might be needed. However, the great majority of our program objects does not show significant linear polarization. If some polarization is detected, it is below P = 2.5%, and the rectification for the instrumental efficiency loss is of the order of (or even smaller than) the error bar of the measurement. Thus, we have not applied any correction to our data. Regarding the position angle of the polarization vibration, θ, we have determined that there is a zero-point correction, which is −3.2±1.1 deg. The instrumental polarization was also checked by measuring two unpolarized standard stars, GD 319 and BD+28 4211 (Turnshek et al. (1990) ), on 11 different occasions during the three campaings. All the measurements are compatible with zero polarization within 1-σ the error bars, suggesting that the position within the detector at which all sources were observed is free of instrumental polarization.
Linear polarimetric results
We have obtained the linear polarization degrees and the polarization angles by calculating the normalized Stokes parameters, Q/I and U/I, from the recorded images. These quantities depend on ratios of fluxes at one filter; the Q/I parameter is derived from the pair of exposures with the half-wave plate at 0 deg and 45 deg, and U/I is computed from the images with the half-wave plate at 22.5 deg and 67.5 deg. The mathematical expressions used are as follows:
where o (ordinary) and e (extraordinary) refer to the fluxes of the dual images of the program source on a single frame, and P and θ are the linear polarization and the polarization angle, respectively. The quantities R Q and R U , used to evaluate the normalized Stokes parameters, correct for possible flat flaws. Fluxes have been derived using different apertures around the targets: 0.5, 0.8, 1.0, 1.2 and 1.5 times the average FWHM of each frame. Larger apertures have not been considered to avoid contamination from nearby sources and variable sky contributions. We have finally chosen the 1.0×FWHM aperture because it both minimized the photon contribution of nearby contaminants and maximized the signal-to-noise ratio of the measurements. In case of very good seeing (FWHM ≤ 1.3 arcsec), the best aperture was 1.2×FWHM. We provide our results in Table 2 , where the names of the program objects have been abreviated conveniently.
The measured Stokes parameters and the degree of linear polarization are listed together with the filter and Modified Julian Date (MJD) of the observations. Error bars are determined from the standard deviation of the multiple measurements (the great majority of the targets were observed more than once in each position of the half-wave retarder). If only one measure is available, the uncertainty is estimated from the various apertures. Whenever there are more than one epoch of observations, e.g. CFHT-BD-Tau 4, which was observed on four different nights, we provide the average of all the individual measurements together with the error of the mean in Table 3 . Uncertainties in position angle are not well-defined for the unpolarized targets, and thus are not listed in Tables 2 and 3. Note that in Tables 2-4 all values of Q/I, U/I and P are quoted as measured, i.e. without any correction for instrumental efficiency loss or correction for the statistical bias which affects polarimetry at small values of polarimetric signal-to-noise ratio (e.g. Simmons & Stewart (1985) ).
To select the likely polarized sources amongst our targets, we have applied the following criterion: the derived degree of polarization must exceed three times the associated uncertainty (P/σ P ≥ 3). On the assumption of a Gaussian distribution of the measurements within their error bars, such a criterion sets the confidence of positive detections at the level of 99%. If U/I is lacking, we have used Q/I as an indicator for the presence of some polarization. In our sample, eleven objects appear to show significant polarization in either the R-band or the I-band or both; they are presented in Table 4 and are clearly marked in all the Figures of this paper. Along with their spectral types, polarization degrees, position angles of the plane of vibration, and their associated uncertainties, Table 4 also lists the quantity P/σ P , the equivalent widths (if detected spectroscopically) of Hα emission and Li i λ670.8 nm absorption, projected rotational velocities and evidence for infrared or near-infrared flux excesses. The spectroscopic information has been gathered from the literature (Ruiz et al. (1997) ; Martín et al. (1998 Martín et al. ( ), (2001b ; Kirkpatrick et al. (1999) , (2000) (2003) and Golimowski et al. (2004) . We will relate the photometric and spectroscopic properties of each object to its measured polarization in Section 5.4.
Our Q/I and U/I measurements are plotted in Fig. 1 . This plot provides a graphical summary of Tables 2 and 3 and illustrates our criterion for polarization. It also shows the symmetrical distribution of the null polarimetric measurements around (0,0), i.e. there is no obvious instrumental bias in our data. The I-band polarization degree is depicted against spectral type in Fig. 2 . Note that we have labeled the T eff -spectral class calibrations of Dahn et al. (2002) and Vrba et al. (2004) in Fig. 2 . Three of our targets (J0036+18, J2057−02, and J2224−01) are in common with the previous work of Ménard et al. (2002) . Except for J0036+18, which is polarized according to these authors, our values of I-band linear polarization are in full agreement with their measurements within 1 σ the error bars. We note, however, that the central wavelength and the passband of the I Bessel filter used by Ménard et al. is bluer than those of the I Johnson filter used by us. Actually, the passband of the I Bessel filter appears somewhat intermediate between the Johnson R-and I-bands.
Discussion
There are several possible mechanisms that could account for the observed linear polarization of ultracool dwarfs: (i) interstellar polarization, (ii) polarization due to strong magnetic fields (Zeeman splitting, synchrotron emission), (iii) scattering by photospheric particulates of dust, and (iv) scattering by the grains of cool shells or disks around the central dwarf. In Sect. 2, we have argued that an interstellar origin for the linear polarization of our objects is unlikely because of their very short distances. Ménard et al. (2002) discussed widely the three former possible origins (they did not mention the fourth possibility), concluding that, pending definitive measurements of the magnetic fields of ultracool dwarfs, scattering by photospheric dust grains remains the most likely origin for the polarization. We also agree with their discussion (and will not repeat it here), coupled with the fact that the presence of circum(sub)stellar disks plays a role in the polarization of the photospheric radiation in very young ultracool dwarfs, as in T Tauri stars.
Linear polarization and spectral type
Of the total of 45 targets with spectral types ranging from ∼M5V to L7.5V, eleven appear to show some degree of polarization (Table 4 ). For these, we have measured I-band polarimetric amplitudes in the interval 0.2-2.5%. These values are in agreement with the predictions of Sengupta & Krishan (2001) , which were calculated for the case of dust scattering in oblate dwarfs. One of our likely polarized targets is CFHT-BD-Tau 4, the young brown dwarf of the Taurus star-forming region (Martín et al. (2001b) ). As will be discussed below, a photospheric origin for its observed linear polarization is unlikely, and we rule this object out from the following statistical analysis. We will also remove J1610−00 because the metallicity of this dwarf is considerably below solar (Lépine et al. (2003) ).
The rate of intrinsically polarized ultracool dwarfs in our sample with spectral types in the interval L0V-L7.5V turns out to be 29 ± 9%, which is below the 50% estimated by Ménard et al. (2002) . The larger error bars of our measurements have prevented us from easily detecting polarization dregrees smaller than about 0.4%, which is at least 4 times higher than what Ménard et al. can measure from their FORS1/VLT data. Observations with better accuracy may confirm polarization of dwarfs that show marginal detection in our study. Hence, the frequency of 29% has to be understood as a lower limit on the ocurrence of linear polarization amongst solar metallicity, field L-type dwarfs. This fraction is remarkably high when compared to the frequencies of polarized stars of warmer spectral types, which are typically below 10% (see Leroy (1999) ). Very recently, Ménard & Delfosse (2004) have analized 20 nearby field dwarfs spanning spectral classes M1 to M6, and have found that all their measurements are compatible with a null polarization. Furthermore, in our sample there are 9 field dwarfs with types ranging from mid-M to very late-M (M9.5V). If the I-band polarization rate of 29% were valid for M dwarfs, we would expect to find 2-3 M-type polarized stars in our sample. However, we do not detect significant polarization in any of the M-type field targets, which suggests that, at 95% confidence, less than 28% of M dwarfs are polarized. Hence, at far-red optical wavelengths, the frequency of highly polarized L-type dwarfs is clearly larger than that of M dwarfs. This is an evidence for the existence of efficient dust scattering processes in L-type atmospheres. As will be mentioned in Section 5.3, L dwarfs are on average less active than M stars ). In addition, L-type atmospheres are more neutral and present higher resistivities because of their lower temperatures; hence, we do not expect the magnetic fields of L dwarfs to be stronger than those of M stars (see Mohanty et al. (2002) ). Furthermore, the weakening of oxides (TiO, VO) in late-M and early-L types and of hydrides (FeH, CrH) at cooler types indicates that the metals like Ti, V and Fe gradually vanish from the gas phase (Martín et al. (1999a) ; Kirkpatrick et al. (1999) ). This occurs at temperatures for which models predict the formation of condensates (Tsuji et al. (1996) ; Allard et al. (2001) ). These phenomena coupled with our polarimetric detections and those of Ménard et al. (2002) support the presence of significant amounts of dust in ultracool atmospheres.
Also relevant is the study of the degree of linear polarization as a function of the L subtypes (or T eff between 2500 and 1400 K). Figure 2 depicts our results. We shall now focus on the dwarfs with detected polarization according to our criterion. There is a hint for cooler dwarfs displaying larger linear polarization degrees, i.e. the polarization of the I-band radiation seems to be more powerful at low temperatures. The dwarfs J2244+20 (L6.5V) and J1507−16 (L5V), two of the latest objects in our sample, show the largest measured linear polarizations, P = 2.5 ± 0.5% and 1.36 ± 0.30%, respectively. These values contrast with the moderate polarization observed in the much warmer dwarf J1707+43 (L0.5V, P = 0.23 ± 0.06%). Intermediate objects display polarizations between those of the L0.5V and L6.5V dwarfs. Such a trend was also mentioned by Ménard et al. (2002) . Either different sources or mechanisms are inducing the polarization or the trend is possibly related to the rate of grain formation and the vertical distribution of the clouds. As pointed out by Sengupta (2003) , there are several possibilities to polarize the radiation via scattering (spherical and nonspherical grains in spherical and oblate photospheres, random distribution of condensates, and presence of dust bands). The more possibilities working at the same time, the larger the polarization. The trend might also be associated to a faster rotation of the coolest dwarfs. However, and Bailer-Jones (2004) noted that the projected rotational velocities of L0-L8 field dwarfs show no obvious trend with spectral type. Nevertheless, more polarimetric observations and higher accuracies are required to confirm this dependency. Theoretically, the metal content is also a key parameter in the rate of grain formation ); hence, changes in the metallicity of ultracool dwarfs may also account for possible scatter in the polarization amplitudes of Fig. 2 .
From our data, we can also investigate the frequency of I-band polarized dwarfs per intervals of spectral type. Three intervals have been chosen: from M4.5V to M9.5V, from L0V to L3V, which corresponds to T eff ∼ 2500-1900 K, and from L3.5V to L8V, corresponding to T eff ∼ 1900-1300 K. Table 5 summarizes our results (note that CFHT-BD-Tau 4 and J1610−00 are excluded from the statistics). For the early L-types, there are 3 positive detections out of 20 investigated dwarfs (15 ± 9%), while the rate of linear polarization increases notably for the late types (6 detections out of 14 dwarfs, i.e. 43 ± 17%). Similar statistics are obtained from the results of Ménard et al. (2002) , although the number of studied objects in their work is relatively small. We note that in our analysis, exposure times were set for each target to approximately compensate for different brightness. Hence, the minimum detection level of polarization and the mean polarimetric errors of both spectral intervals are alike. Despite this, the incidence of high I-band linear polarization appears to be a factor of 2-3 larger in the coolest L spectral types than in the early L classes. However, we caution that this result may be biased by the uncertainty of the measurements and the fact that very cool atmospheres may be more polarized: to detect low to moderate degrees of polarization, extremely good signal-to-noise ratios are needed. This is, for example, the case of J1707+43, for which we have measured a polarization degree well below 0.4%.
We also caution that there are other biases in our sample possibly influencing our statistical analysis. Young objects are significantly brighter and easier to detect. This also applies to unresolved multiple systems, particularly those comprised of nearly equal mass components. We have selected our targets to be amongst the brightest sources for their spectral classes. The tidal effects of very close binaries suggest nonspherical shapes, which contributes to increase the net polarization. The binary frequency of field ultracool dwarfs is recently determined to be about 15% in the separation range 1.6-16 AU ). Very little is known for closer orbits, although Gizis et al. (2003) have suggested that the binary fraction is ∼5% for separations less than 1.6 AU. We note that we have resolved one double L dwarf in our sample, J1705−05 (L4), for which we do not detect I-band polarization (P ≤ 0.2%). The separation is estimated at less than 1.3 arcsec (i.e. less than about 14 AU at the distance of 10.7 pc, Kendall et al. (2004) ). Further data (e.g. proper motions) are needed to confirm the physical link of J1705−05. On the other hand, some of the L dwarfs in our sample might have young ages. As very low-mass stars do at early stages of evolution, very young brown dwarfs also happen to harbor disks from which they can accrete (e.g. Natta & Testi (2001) ; Jayawardhana et al. (2002) ). Disks efficiently polarize the photons from the central object. We cannot provide precise age estimates for each object in our sample because many lack astrometric parallaxes. However, warm disks around low-mass stars and brown dwarfs are typically observed at ages below 10 Myr (e.g. Brandner et al. (2000) ; Barrado y Navascués & Martín (2003)). The frequency of such young objects among K-and M-type stars in the solar neighborhood (d ≤ 50 pc) is very low (∼10%). Hence, we do not expect that the biases due to binarity and extreme youth are critical in our analysis. We will address these topics again in Section 5.4, where we discuss each polarized dwarf separately.
In general, and on the assumption that our targets have similar ages (with very few exceptions), our polarimetric observations of late-M and L-type dwarfs are qualitatively in agreement with the theoretical assumption that a plethora of dust grain formation and condensation takes place in the outer atmospheric layers of objects with spectral type later than M7 (Tsuji et al. (1996) ). As clouds form in progressively cooler objects, they become optically thicker and form deeper within the atmosphere. In addition, as T eff decreases, more grain species are formed. Hence, dust and condensates must play a role in the output energy distributions (absorption, scattering, polarization, chemistry, thermal structure). The tropospheric weather pattern predicted for brown dwarfs (Schubert & Zhang (2000) ) can more easily produce inhomogeneities in the distribution of the clouds by creating local clearings since the turbulent motions are greater. This would make polarization more likely. On the other hand, optical and near-infrared spectra of the coolest dwarfs (T eff < 1300 K, the T domain) indicate that, for such low temperatures, dust remains in the form of a thin cloud very deep in the photosphere, i.e. dust grains are segregated and precipitated (e.g. Allard et al. (2001) ; Burrows et al. (2002) ; Tsuji et al. (2004) ). In this way, dust particles are neither affecting the atmospheric thermal structure nor blocking nor polarizing the emergent radiation. There are no T-dwarfs in our sample. Furthermore, the coolest objects in our study lie close to the L-T transition, for which models predict the largest dusty coverage of the photosphere. It would be stimulating to extend the polarimetric studies toward cooler types. There is evidence in early T dwarfs (T0-T3) of effects of clouds on the emergent spectra (see Marley et al. (2002) ; Burrows et al. (2002) ; Burgasser et al. (2002b) ; Tsuji et al. (2004) ). No polarization from scattering is expected for later types.
Linear polarization and metallicity
We note that the atmospheric chemical abundance, which may play a critical role in polarization, is not well determined for any of the objects in our sample.
Nevertheless, we have included in our study a suspected low-metallicity L-type dwarf, J1610−00 (Lépine et al. (2003) ), which was found in a proper motion survey. The near-infrared colors of this object are bluer than expected for solar metallicity L dwarfs (Zapatero Osorio et al. (2004) ). This photometric property is consistent with the predictions of theoretical models for metal-depleted ultracool objects. The low-resolution spectrum shown in Lépine et al. (2003) also indicates that J1610−00 has a low metal content. In our sample, there is another dwarf, J1721+33 (L3V), displaying bluer near-infrared colors than average by about 0.2 mag ). In addition, J1721+33 has significant proper motion, suggesting that it is part of a low-metallicity population. Our polarimetric measurements for this object and J1610−00 are consistent with zero polarization. The low number of suspected metal-depleted ultracool dwarfs in our sample does not allow us to discuss the dependence of polarization on metallicity. However, it is expected that the photons of metal-depleted dwarfs are less polarized than those of metal-rich dwarfs because grain formation is far reduced under low metallicity conditions ).
Linear polarization and photometric variability, activity and rotation
A total of 18 dwarfs in our sample have been photometrically monitored by other groups to investigate I-, J-or K-band variability. Table 6 presents a summary. The fourth column of the Table indicates whether broad-band photometric variability has been detected (the filter is also indicated), and the last column provides the bibliographic references. Seven dwarfs have strong variability detections, four display weak variability, and a few show periodic modulations. We note that the photometric data gathered from the literature are not simultaneous to our polarimetry. The amplitudes of the I-band light curves obtained from the literature and from Goldman (2004, priv. communication) are depicted as a function of linear polarization in Fig. 3 . Detections and non-detections are plotted with different symbols. Weak photometric variabilities are considered non-detections in the figure and in the following discussion.
Whether the formation, distribution and evolution of photospheric dust clouds ("meteorology") is causing the reported photometric variability is not unequivocally confirmed. Yet, as discussed by the various authors, there are reasons to believe in a connection between photometric variability and dust clouds (see discussions by Martín et al. (2001a) ; Bailer-Jones (2002); Bailer-Jones & Lamm (2003)). We would also expect some correlation between polarization and variability in ultracool atmospheres. Four likely polarized dwarfs have been photometrically monitored (see Table 6 ). They are labeled in Fig. 3 . Two of them (Kelu 1 and J1507−16) are reported to be variable, and the other two (J0036+18 and J1412+16) have upper limits on the amplitude of their photometric variations. It is worth mentioning that Kelu 1, J1507−16 and J0036+18 show the smallest I-band amplitudes (≤10 mmag) in the sample, which contrasts with their high linear polarizations. On the other hand, the five dwarfs with larger photometric amplitudes (≥10 mmag) and confirmed variability (open circles without arrows in Fig. 3 ) do not display significant polarization (P ≤ 0.2%). S. Sengupta (2004, priv. communication) has suggested that flux variability, if due to dust activity, needs sufficiently optically thick dust clouds. In this medium, polarization would arise by means of multiple scattering processes, which in turn would reduce the degree of polarization as compared to single scattering of photons in optically thin clouds (see Sengupta (2003) ). Thus, dwarfs with strong photometric variability may have less polarization because of multiple scattering. On the other hand, dwarfs with weak or no photometric variability (static dust clouds or optically thin cloud layer) may give rise to higher polarization. Nevertheless, we strongly remark that more data are needed before we can confirm (or discard) any relation between polarization and broad-band photometric variability. At best, polarimetric observations and photometric monitoring should be carried out simultaneously. Furthermore, because ultracool dwarfs rotate very rapidly and because of fast tropospheric motions (Schubert & Zhang (2000) ), the patterns of clouds are expected to change in a few rotational periods, producing modifications in the amplitudes and directions of the polarization. Hence, the detection of variations in both polarimetry and photometric monitoring will provide a strong case for the evolution of dust clouds ("weather") in ultracool atmospheres. So far it is not possible to draw any conclusions about the relation between optical polarization and activity as measured from Hα emission, flares, X-ray or radio emission. There are very few data on this respect in the literature, and what is found appears to be contradictory. Berger (2002) has detected radio flares and radio constant emission from BRI 0021 and J0036+18 in our sample, suggesting that radio activity is present between M-types and L3.5V. This contrasts with the observed drop in persistent Hα activity beyond spectral type M7 (Burgasser et al. (2000) ). Moreover, neither BRI 0021 nor J0036+18 show Hα emission (less than 0.5Å pseudoequivalent width), except for very rare occasions (a flare in BRI 0021 was detected once, Reid et al. (1999) ). From our data and according to Ménard et al. (2002) , J0036+18 exhibits some polarization while BRI 0021 does not. The high polarization measured in J1507−16 does not correlate with the non-detection of radio emission (Berger (2002) ). When compared to warmer stars, ultracool dwarfs (except for the very young ones) appear to be rather inactive in X-rays despite of their rapid rotation and, in some cases, moderately strong activity at radio wavelengths (Martín & Bouy (2002) ). The source responsible for polarization does not seem to be strongly related to magnetic fields, since the intensity of these fields as inferred from radio and X-ray activity is quite low and the atmospheres of ultracool dwarfs are rather neutral.
Figure 4 displays our polarimetric measurements as a function of projected rotational velocities (v sin i), which have been taken from the literature (see references above, and Basri & Marcy (1995) ). The great majority of the ultracool dwarfs display rapid rotation (typically v sin i ∼ 10-60 km s −1 ), despite the fact they do not seem to be very active objects (Basri (2000) ). Fast rotational velocities would impose deviations from sphericity in the shape of the objects (i.e. asymmetry), favoring the detection of polarization in dusty atmospheres (Sengupta & Krishan (2001) ). We fail to observe any correlation in Fig. 4 . However, this may be due to the uncertainty introduced by the unknown equatorial inclination of v sin i, and the relatively poor statistics, i.e. there are rather few objects for which polarimetric observations and velocities are available. 
The likely and possible polarized dwarfs

2MASS J00361617+1821104
According to Ménard et al. (2002) , this L3.5V dwarf (T eff ∼ 1900 K) shows some polarization (P = 0.20 ± 0.03%) in the I Bessel -band, which is centred on 768 nm. On the contrary, our I Johnson data suggest that there is very little or no polarization at redder wavelengths (850 nm). At the same time, we do detect significant polarization at short wavelengths, in the R-band (641 nm). This is worthy of especial mention. The dust properties (e.g. refractive index and scattering cross-section) depend on wavelength, i.e. they vary from one wavelength to another. Additionally, there is a hint for the variability of the R-band polarization angle, as inferred from Table 4 . Our data indicate that the degree of linear polarization is possibly a few times larger at around 641 nm than at about 850 nm. This and the measurement of Ménard et al. (2002) suggest that the polarization observed in J0036+18 systematically decreases with increasing wavelength, providing evidence for the presence of dust grains in the photosphere of this L-type dwarf since this behavior may not be accounted for by other mechanisms, e.g. magnetic fields. This polarimetric property may also shed new light on the size of the particles responsible for the observed polarization.
As discussed by Ménard et al. (2002) , the intensity of the magnetic field that might be present in J0036+18 as inferred from its radio detection (135 µJy at 8.46 GHz, Berger (2002)), is not powerful enough to induce a detectable linear polarization of the emergent optical radiation. In addition, J0036+18 was not detected as variable (upper limits of 9, 16 and 25 mmag on the I, J and K s variability, respectively) by the photometric monitoring programs of Gelino et al. (2002) and Caballero et al. (2003) . On the other hand, J0036+18 does not possess any infrared flux excesses at 3.8 µm or 4.7 µm (Golimowski et al. (2004) ), suggesting that there is no massive nor warm disk around this dwarf. Moreover, the optical spectrum of J0036+18 does not show the Li i feature at 670.8 nm, which indicates that the age of the object is older than several hundred Myr (Chabrier & Baraffe (2000) ). This is also consistent with the location of this dwarf in the HR diagram of Fig. 5 . The disk is very likely dissipated at these ages and does not contribute significantly to the polarization. Hence, the most likely origin of the measured polarization in J0036+18 is related to the formation of dust clouds within the object's atmosphere. From theoretical considerations, the degree of polarization due to single and multiple scattering will be more in the blue wavelengths if the grain size is very small (Sengupta & Krishan (2001) ). By inspecting Fig. 1 of Sengupta (2003) , the models that better reproduce the trend of the polarimetric observations of J0036+18 are those computed for atmospheres with dust particle sizes less than 1 µm in diameter. The synthetic spectra provided by many groups (e.g. Tsuji et al. (1996) , (2004); Allard et al. (2001) ) are obtained assuming size distributions of the grains between ∼0.006 µm and 0.25 µm (submicron range), which is consistent with our result. However, the recent calculations of Woitke & Helling (2004) predict grain growths up to 30 and 400 µm at the deepest cloud layers. It would be desiderable to obtain more polarimetric data at longer and shorter wavelengths to provide a deeper study of the physical properties of the dust grains. If the particles are very small, no polarization is expected beyond 1.3 µm (i.e. the J-band).
2MASS J01410321+1804502
Recently confirmed as a L4.5V dwarf by Wilson et al. (2003) , as far as we know there is no more information on this object available in the literature. More data are required to confirm the I-band polarimetric detection. The three measurements shown in Table 2 are consistent with each other within 1 σ the uncertainties, suggesting little variability in scales of days. Liebert et al. (2003) report the detection of a flare event in this L5V-type dwarf. This object displayed strong Hα emission which rapidly declined in about 15 minutes. Based on their spectroscopic data, the authors concluded that L-dwarfs are observed in strong flares only occasionally. Further polarimetric observations are needed to confirm our (marginal) detection. The measurements obtained on four different epochs indicate little variability within 2 σ the uncertainties.
2MASS J01443536−0716142
CFHT-BD-Tau 4
This is one of the warmest dwarfs in our sample (spectral class M7), and is also the youngest object. It is suspected to be a member of the Taurus star-forming region, with an age estimated at less than a few Myr. Its location in Fig. 5 clearly reveals that CFHT-BD-Tau 4 is overluminous as compared to the field sequence. Previous photometric and spectroscopic studies identify this object as a very young brown dwarf, which is probably obscured by the presence of a surrounding shell from which the central object is intensively accreting. CFHT-BD-Tau 4 shows moderate extinction (A V ∼ 3 mag), very strong and variable Hα emission (Martín et al. (2001b) ; Jayawardhana et al. (2003) ), X-ray activity (Mokler & Stelzer (2002) ) and infrared excesses (Liu et al. (2003) ; Pascucci et al. (2003) ), as do ordinary T Tauri stars. Gorlova et al. (2003) determined a rather low surface gravity for this object, which is consistent with very young ages. Additionally, the recent detection of millimeter dust emission (Klein et al. (2003) ) and the multiwavelength study of Pascucci et al. (2003) support the presence of circum(sub)stellar dust of about a few Earth masses in the form of a disk (the total mass of the disk is estimated at about 1 Jupiter mass, if we extrapolate the dust masses to disk masses assuming a gas-to-dust ratio of 100). We detect significant linear polarization in both R-and I-band wavelengths, which can be attributed to the disk around the central object, supporting the T Tauri scenario. We remark that other (older) late-M dwarfs in our sample do not show any evidence for linear polarization. Our data suggest that the degree of polarization of CFHT-BD-Tau 4 shows a trend in the sense that the amount of polarized radiation increases with wavelength. This trend is also observed in various T Tauri stars (e.g. V 410 Tau, Mekkaden (1999) ). This behavior is different from that of J0036+18, being a hint toward large grain sizes in the disk of CFHT-BD-Tau 4. This result is in agreement with the very recent infrared observations of Apai et al. (2004) . These authors determine that the silicate feature of CFHT-BD-Tau 4 is dominated by emission from 2 µm amorphous olivine grains. This brown dwarf provides compelling evidence that young substellar objects undergo a T Tauri-like accretion phase similar to that in low-mass stars. We do not detect photopolarimetric variability within 1 σ the error bars on scales of up to three days. However, it would be interesting to monitor this object (simultaneous photometry and polarimetry) in order to constrain the geometry of the circum(sub)stellar material.
Kelu 1
To our knowledge, this L2.5V-type brown dwarf (T eff ∼ 2030 K) shows the largest projected rotational velocity amongst all known ultracool dwarfs ), indicating that it is indeed a very fast rotator. Hence, it is expected that Kelu 1 shows an oblate shape, which coupled with the formation of dust clouds favor the detection of polarization. Kelu 1 has also been found to be photometrically variable with a periodicity of about 1.8 h (Clarke et al. (2002a) ); nevertheless, the amplitude of the I-band light curve is small (roughly 6 mmag). Further spectrocopic follow-up of this object reveals a modulated variability of the Hα line intensity; the line is always detected in rather low emission (Clarke et al. (2003) ). Kelu 1 appears overluminous in the diagram of Fig. 5 , which suggests that this object is either a binary of similar components or a young object or both. However, high-resolution direct imaging and radial velocity searches for companions have failed to resolve Kelu 1 (Martín et al. (1999b) ; Clarke et al. (2003) ), imposing upper limits on the separation of the binary (≤0.3 arcsec) and on the mass of the companion (M sini ≤ 10 M Jup ). Youth is quite likely because the Li i resonance doublet is detected in the optical spectrum, which implies young ages and consequently relatively lower gravities than field dwarfs of similar types. Nevertheless, Kelu 1 is not as young as CFHT-BD-Tau 4 since no infrared excesses are observed in the former brown dwarf (Golimowski et al. (2004) ), it is not located in any star-forming region, and the alkali lines of Kelu 1's optical spectrum appear relatively strong (McGovern et al. (2004) ). Using evolutionary models as those illustrated in Fig. 5 , the age of Kelu 1 is estimated at a few hundred Myr, and its mass is in the interval 30-50 M Jup (35 M Jup at the age of 100 Myr). As pointed out by Sengupta (2003) , for a given rotational velocity, the degree of polarization is higher for objects with comparatively lower surface gravity. Interestingly, various groups of authors provide different pseudo-equivalent width measurements of the Li i λ670.8 nm feature (from slightly less than 1Å up to 4.7Å, see Martín et al. (1998) , and references therein). This may be indicative of some sort of activity that changes the strength of the TiO molecular absorptions (e.g. different coverage of dust clouds). It is also possible that Kelu 1 is burning lithium if its age is around a few hundred Myr. From our data, Kelu 1 shows a detectable polarization in the I-band. The fast rotation, the formation of clouds of condensates, and the relatively atmospheric low gravity may account for the measured polarization amplitude.
2MASS J14122449+1633115
Our polarimetric data suggest that this L0.5V-type dwarf shows some polarization. However, the detection is marginal, with P/σ P = 3.0. Further data would be needed to confirm or discard our result. Gelino et al. (2002) did not find any evidence for photometric variability in J1412+16, imposing an upper limit on the I-band variability of 25 mmag. In addition, this object shows moderate Hα emission ).
2MASS J15074769−1627386
This L5V-type dwarf shows one of the highest degrees of I-band linear polarization in our sample (P/σ P = 4.5). Because of the proximity of this object (parallactic distance of 7.3 pc, Vrba et al. (2004) ), the interstellar medium is not likely contributing to the observed polarization. From optical spectroscopic observations, J1507−16 does not show Hα emission, and has efficiently depleted its original lithium content. This suggests, as for J0036+18, that the age of J1507−16 is older than several hundred Myr. From its location in Fig. 5 , the most likely age of this object is very similar to that of the great majority of field dwarfs with similar spectral types (∼1-5 Gyr). The L ′ and M ′ photometric data of Golimowski et al. (2004) indicate that there are no infrared excesses associated to this object. And Berger (2002) reported an upper limit on the radio emission of 58 µJy at 8.46 GHz, suggesting that if any magnetic field exists, it has to be rather weak, unable to polarize the photospheric optical photons. Thus, the measured polarization is very likely intrinsic to the physical properties of the ultracool atmosphere of J1507−16. According to Bailer-Jones (2004) , the projected rotational velocity of this object is rather high, which would impose a deviation from sphericity in its shape. A significant oblateness and a heterogeneous distribution of dust clouds on the surface might account for the relatively large degree of polarization. It is worth noting that while J1507−16 did not show convincing photometric variability in the I-band monitoring program of Koen (2003) , the CLOUDS collaboration (Goldman (2003) ) has detected a 1% variation (I-band) over a few hours (Goldman 2004, priv. communication) . More polarimetric data are needed to study changes in the amplitude and direction of the polarization, which in combination with the I-band photometric light curves, would confirm the presence of dust clouds in the photosphere.
2MASS J17073334+4301304
It shows strong Hα emission in the spectrum of Cruz et al. (2003) . As pointed out by these authors, this L0.5V dwarf should be monitored to check whether it was observed during a period of unusually high activity. We note that the Li i absorption line at λ670.8 nm is not apparent in Fig. 8 of Cruz et al. (2003) , indicating that the age of this object is larger than several hundred Myr. Our two measurements taken on different epochs do not suggest polarimetric variability.
2MASS J21580457−1540098
Despite the fact that the averaged polarimetric value shown in Table 3 does not comply with our criterion of polarization, we consider this L4V dwarf to be a likely polarized source. The two separated measurements listed in Table 2 are indicative of the presence of polarized photons. However, these measurements differ by more than 3 σ the uncertainties, suggesting some kind of polarimetric variability. The baseline of the two epochs of observations is 0.96 yr. To the best of our knowledge, this dwarf has not been photometrically monitored by any group of observers. We note that the averaged polarimetric value is plotted in Figs. 1 and 2, and that only the most likely detection (largest P/σ P ) is listed in Table 4 . The pseudo-equivalent widths of the atomic lines observed in low-resolution near-infrared spectra are very similar to those of field dwarfs (McLean et al. (2003) ), suggesting that J2158−15 has the typical age of other field objects of related spectral classes.
2MASS J22443167+2043433
This L6.5V dwarf is a quite peculiar object. It displays the highest I-band linear polarization degree in our sample (P = 2.5 ± 0.5%), for which we have determined a relatively high P/σ P . As pointed out in the literature, J2244−01 is nearly 0.3-0.5 mag redder in optical, near-infrared and infrared colors than all other L dwars (Dahn et al. (2002) ; Golimowski et al. (2004) ; Knapp et al. (2004) ). In addition, McLean et al. (2003) have found that this object has unusual near-infrared spectral features (very weak atomic lines and the peak flux in the J-band is less than at H and K). In contrast, the optical low-resolution spectrum of J2244−01 depicted in Fig. 25 of McLean et al. (2003) appears similar to other dwarfs of related spectral types. The weak atomic lines observed in the near-infrared spectrum may suggest a low photospheric gravity, i.e. a young age. However, this is not supported by the strong alkali lines (K i, Na i, Cs i) of the optical spectrum. Using the optical spectroscopic data kindly provided by J. Davy Kirkpatrick (as in McLean et al. (2003) ), we have imposed an upper limit on the Hα emission (Table 4) , and have confirmed the brown dwarf nature of J2244−01 by detecting Li i (Rebolo et al. (1992) ). It has been suggested (Golimowski et al. (2004) , and references therein) that the observed spectroscopic and photometric properties of this brown dwarf can be attributed to heterogeneous, very thick cloud decks (that may cause an unusually strong veiling in the near-infrared wavelengths) resulting from a high metal abundance. Thick dust clouds would give rise to multiple scattering of photons, which in turn would yield less polarization than single scattering (Sengupta (2003) ). Nevertheless, even the single scattering models of Sengupta (2003) show difficulties in explaining the significant amplitude of our polarimetric measurement. On the assumption that polarization is intrinsic to the object atmosphere and the presence of dust clouds, one possible way to account for the observed high polarization is by invoking rather large-size grains. In that case, J2244+20 should show polarization in the near-infrared wavelengths as well. Other possibility is related to the presence of a surrounding dusty disk or shell. As can be seen in the literature, many T Tauri stars show similar polarization degrees to that of J2244+20. Therefore, based on our data, we cannot discard that this dwarf is a young object. The determination of the astrometric parallax would help constrain its age. In addition, further photopolarimetric monitoring of this brown dwarf will be particularly interesting.
5. 4.11. DENIS-P J225210.73−173013.4 This is the coolest dwarf (L7.5V) in our sample. According to Kendall et al. (2004) , J2252−17 is probably located at 8.3 pc (if it is a single object), being one of the nearest L dwarfs to the Sun. The averaged value of all our polarimetric measurements does not indicate detection because they differ by more than 5 σ the uncertainties. However, on the basis of our criterion, the data of one of the epochs support the presence of polarized photons in the I-band light from J2252−17. We note that only the averaged polarimetric value is plotted in Figs. 1 and 2 , and that the measurement with the highest P/σ P is shown in Table 4 . The polarization degree of J2252−17 is similar to those of mid-L dwarfs, but is significantly smaller than the polarization degree of J2244+20 (L6.5V).
Final remarks and conclusions
We have conducted Johnson I-band (850 nm) polarimetric observations of 35 L-type (L0-L7.5) field dwarfs and 10 M dwarfs (M4.5-M9.5). Johnson R-band (641 nm) polarimetric data were also collected for two of the brightest targets in our sample: the L3.5 dwarf 2MASS J00361617+1821104, for which Ménard et al. (2002) have previously detected significant polarization, and the M7 dwarf CFHT-BD-Tau 4, which is a brown dwarf member of the Taurus star-forming region. Because of the typical average uncertainty of our measurements (P ), we can easily confirm polarization of objects with P ≥ 0.4%. Eleven (10 L and 1 M) dwarfs show linear polarization degrees that comply with the following criterion: P /σ P ≥ 3, where σ P is the error bar. For these, our measurements are in the interval P = 0.2-2.5%. The observed polarization is intrinsic to the objects. We have compared the fraction of polarized M and L dwarfs in our sample, and have found it to be higher for the cool L types. This is a clear evidence for the presence of considerable amounts of dust in ultracool atmospheres.
We argue that the most viable origin of the observed polarization in our sample is photon scattering by heterogeneous dust clouds in a rotationally-induced oblate photosphere. In some cases, the possible presence of dusty disks or dust shells gives rise to comparatively high polariztion. The linear polarization degree of 2MASS J00361617+1821104 (L3.5, ∼1900 K) appears to decrease with increasing wavelength (from 641 up to 850 nm), suggesting that the grain growth lies in the submicron regime throughout the dwarf atmosphere. Our polarimetric data of the young brown dwarf CFHT-BD-Tau 4 support the presence of a circum(sub)stellar dusty disk, which was previously suspected to exist from the observed near-infrared excesses and persistent, strong Hα emission. 2MASS J22443167+2043433 (L6.5), which is a peculiar brown dwarf known for its very red colors and unusual near-infrared spectrum, shows the largest polarization degree in our sample (P = 2.5 ± 0.5%). Rather large photospheric dust grains (possibly related to high metallicity) and/or the presence of a disk may account for such a considerable polarimetric amplitude.
We have compared our polarimetric measurements to I-band photometric varibility and rotation (using spectroscopic v sin i values). No obvious correlation is seen between polarization and the projected rotational velocities. Three likely polarized L-type dwarfs spanning spectral types L2.5-L5 show I-band light curves with rather small amplitudes (≤10 mmag) over a few hours of photometric monitoring. More light curves and further polarimetric studies are needed to prove (or discard) any possible relation between photometric variability and polarization.
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Facilities: CAHA 2.2m (CAFOS). (2004)); crosses denote individual field dwarfs. Three isochrones (10 Myr, 100 Mry and 1 Gyr) from the Lyon models (Chabrier & Baraffe (2000) ) are also plotted as thin lines. CFHT-BD-Tau 4 appears quite overluminous due to its very young age (a few Myr or less). The other outlier in this diagram is Kelu 1, which lies close to the 100 Myr isochrone. It may be a binary of similar components (not likely, see text) or a relatively young brown dwarf (a few hundred Myr) of about 35 M Jup . b All images were collected in the Johnson I-band, except when indicated.
c Observations taken with the half-wave retarder positioned at 0, 45, 22.5 and 67.5 deg, respectively.
d Images taken with the R-band filter. b It is a double object with a separation less than 1.3 arcsec. Table 5 . Frequency of polarized ultracool dwarfs.
M4.5V-M9.5V L0V-L3V L3.5V-L8V
Our data a 0% 15 ± 9% 43 ± 17% Data of Ménard et al. (2002) · · · 25% 50%
a For P (I-band) ≥ 0.2%. These values may be affected by some biases (see text).
